In recent years, cities are threatened by various natural hazards. Planning emergency shelters in advance is an effective approach to reducing the damage caused by disasters and ensuring the safety of residents. Thus, providing the optimal layout of urban emergency shelters is an important stage of disaster management and an act of humanitarian logistics. In order to study the optimal layout of emergency shelters in small mountain cities, this paper constructs multi-level location models for different grades of emergency shelters so as to minimize the travel and construction costs and maximize the coverage rate. Specifically, the actual service of emergency shelters is determined using Geographic Information System (GIS) software and Weighted Voronoi Diagram (WVD) models under the limitation of site capacity, and the space layout is adjusted through combining the actual urban land with the construction position. In this paper, the Jianchuan county seat at Yunnan Province, China, was considered as a case study to illustrate the models of emergency shelters in which the feasibility of the presented models is verified. The proposed research methods and models have provided theoretical basis and a benchmark for the optimal layout of emergency shelters in other small mountain cities.
Introduction
In recent years, with increased urbanization in China, different cities have been facing increased hazards of various types [1] , which can be both natural (e.g., earthquakes, tsunami, typhoon, hurricanes, etc.) and man-made (e.g., chemical leakages, terrorist attacks, etc.). Frequent urban disasters have caused huge casualties and property loss in cities and highlighted the lack of efficient strategies for disaster prevention and hazard mitigation [2, 3] . Simultaneously, when a disaster occurs, if individuals do not have a number of security emergency shelters, together with the general public's lack of basic knowledge of the disaster prevention safety, it is likely to lead to chaos in the social order and among the public, cause serious social unrests and losses, and endanger the public safety of cities [4] . Emergency shelter is one of the most important tools now in disaster relief operations and it is also a concrete manifestation of humanitarian logistics, which can be used both for an immediate response and for long-term measures [5] . Planning emergency shelters in advance is an effective approach to reducing the damage caused by disasters and ensuring the safety of residents. It is an important stage of disaster management [6] , and the scientific soundness of an emergency shelter's location directly affects the success or failure of rescue work. In order to solve the optimal or approximate solution of other variables (e.g., transportation cost, demand, time, etc.) the basic approach is to select alternate sites first, and then utilize the conditional constraints (e.g., site area limitation, maximum facility coverage, etc.) [7] .
Much research has addressed this problem through building location models. The primary location models include p-center model, p-median model, location set covering model, and maximal covering location model. Hakimi first proposed the p-median model and the p-center model to minimize travel costs [8] . The p-median model is mainly used to reduce the total cost of facility configuration and the p-center model is mainly used for minimizing the maximum distance from any demand point to the facility. Roth and Toregas first proposed the location set covering model to analyze the location problem of emergency service facilities [9, 10] , i.e., fire stations and ambulances, to ensure that all the demanding points were covered and at the same time with the smallest total number of facilities or the lowest total construction cost of the facility. Church and ReVelle put forward the maximum coverage model to determine the number of facility points with their number of facilities and coverage radius to ensure the optimal number of coverage points and maximum coverage area of each [11] .
Based on these four primary models, various location models were developed, which were extended by assigning different constraint conditions and parameters. Sweeney and Tatham divided the dynamic time into a number of specific periods, based on which, a dynamic model with profit maximization as the goal was established to solve the multi-stage dynamic location problem of a single warehouse [12] . Alcada-Almeida et al. introduced a multi-objective location model to determine the number and location of emergency shelters and the evacuation routes that evacuees should follow [13] . Huang et al. addressed a variation of the p-center model with the additional assumption that a facility fails to respond to the demands from the same node, which is likely to happen to many local facilities in large-scale disasters [14] . Considering the uncertainty of demand, Murali et al. formulated a special case of the maximal covering location model with a loss function, to account for the distance-sensitive demand, and chance constraints to address the demand uncertainty [15] . In addition, they illustrated the use of the model in LA County. Huang et al. proposed a general fuzzy multi-objective model to solve the maximal coverage problem with distance constraints, and the solution is put forward by using a GIS-supported Ant algorithm [16] . Zhao et al. formulated an integrated location-allocation model based on time-varying demand analysis for emergency management and applied the model in the emergency shelters planning of Shanghai [3] . Ng et al. proposed a hybrid bi-level model that balances both behavioral assumptions to minimize the total evacuation time and the individual evacuation time [17] . Chang and Liao proposed the location model, which uses space syntax and road-closure indices to identify where to locate emergency shelters based on behavior analysis [18] .
With more parameters considered, all models noted above have become more complicated, making them difficult to follow and apply. Although several scholars have put forward a variety of efficient algorithms, most of them are still limited in terms of theoretical development or the realization of a single case. The p-median model, p-center model, and coverage model are common location models with widespread applications [9, 19] . These three models laid the foundation for the construction of the location model in our manuscript. In the selection process of urban emergency facilities, an appropriate model should be chosen according to the characteristics of the facilities. A single model cannot simultaneously meet all the problems encountered in the process of emergency facility location. Thus, given the multi-level nature of different types of emergency shelters, different models are taken into account through building multi-level location models of emergency shelters.
Since none of the mentioned models could take into consideration the capacity limitation and population imbalance distribution of emergency shelters in the process of locating, some research put forward the solution by dividing the reasonable service scope of emergency facilities based on location selected. Meng et al. [20] and Xue [21] considered service scope, accessibility, and travel distance in order to analyze the service scope of emergency shelters according to the location analysis model in economic geography. Kılcı et al. proposed a model based on mixed integer linear programming to select the location of temporary evacuation sites [22] . This mathematical model considered the capacity limitations of emergency shelters while determining the location of emergency shelters. Based on the location-configuration model, Zhou et al. transformed the scope of facilities services into mathematical programming problems to maximize or minimize the optimal or feasible location [23] . This method was essentially the same as the location model that fails to consider the scale of the site. A number of studies have differentiated the service scope based on spatial analysis performed by ArcGIS software [23] [24] [25] . However, to the best of our knowledge, these methods are still not able to solve the issue of the scale of the emergency shelters by using the number of people to accommodate as evenly distributed, which is certainly inconsistent with real-world conditions. Therefore, the multi-level location models with the service scope analysis may provide a better approach to simulating the people's location choice behavior in practice as well as simulating the actual service scope of each emergency shelter. In this paper, we consider these factors, thus making an important contribution to the literature.
Our article mainly focuses on small mountain cities and offers two contributions. Firstly, we put forward the multi-level location models for different grades of emergency shelters in order to minimize the travel and construction costs and to maximize the coverage rate. Secondly, the limitation of site capacity is included in the service scope of emergency shelter. In this paper, in order to define the scope of urban emergency shelter services, we developed a method that determines the service scope of each emergency shelter by weighted spatial scope. The proposed research methods and models are applied to Jianchuan, a typical small mountain city in China. This paper has provided theoretical basis and a benchmark for the optimal layout of emergency shelters in other small mountain cities.
Our article takes the spatial layout of emergency shelters in small mountainous cities as the research object. Through the three steps of location, zoning and optimization, the whole process of optimizing layout is realized through: (a) constructing a multi-level location models system suitable for different levels of emergency shelters, applying the models to the actual location selection of the emergency shelter in the Jianchuan county seat, and verifying the scientificity and effectiveness of the construction models; (b) establishing a method suitable for the service scope division of emergency shelters in small mountainous cities, and relying on GIS technology to visualize the results; (c) adjusting the location and quantity of emergency shelters in conjunction with population and urban land use within the scope of emergency shelters.
Description of Studied Region and Materials
China is a mountainous country with complex geological structures, where a variety of natural disasters occur. Yunnan Province is located in the Yunnan-Guizhou Plateau of Southeastern China, where 94% of the whole province area is mountains. Among 125 counties and cities located in Yunnan Province, there are only 13 cities with less than 7 degrees of fortification intensity, while there are 56 cities beyond 8 degrees. Most of these cities are located in mountainous areas. Facing the interacted pressures of both urban land restrictions and complex geological structures, layout planning for an emergency shelter system is more prominent. In view of this, this paper used Jianchuan as a case study area to explore the optimal layout of emergency shelters in mountain towns.
Located in the northwest of Yunnan Province, China (see Figure 1 ), Jianchuan county is situated in the southeast of the Qinghai-Tibet Plateau and in the southern part of the Hengduan Mountains. The regional geology of this county belongs to the middle section of the three-river fold belt, which contains several fault zones. Moreover, its geological structure is complex and magmatic activities are frequent as well, thanks to its geographical proximity to the tectonic belt and its correlation with seismic activities (Figure 1 ). In 2017, a total of 53,600 people lived in a 3.11-km 2 built-up area in the county seat, a small town in terms of population and land scale. Regarding its geological characteristics, although the county is located in an area of relatively flat terrain, the possibility of the occurrence of geological disasters still exists in the west and northwest of the town. In addition to the complicated geological characteristics of Jianchuan, all types of disasters have happened frequently, according to incomplete statistics (since 886 AD, in Jianchuan, 13 earthquakes occurred with a magnitude of over 5 Richter). There were six existing emergency shelters in the Jianchuan county seat as of 2017 (see Figure  1 ). Although the overall layout of the emergency shelter facilities in the county seat was consistent with its urban layout, challenges still exist. First, the layout of emergency shelters lacked rationality. Due to the insufficiency of urban land, most of the existing urban emergency shelters are indeed the existing parks, squares, schools, public green spaces, and so on. Consequently, it is difficult to ensure the reasonable locations of the emergency shelters. The emergency shelters in the county seat have been mainly located in the north and south of the county seat, and there is no emergency shelter in the center. Second, the scale of emergency facilities was unclear, and the system was mixed. A clear urban emergency shelter system is essential during evacuation conditions and post-disaster relief operations. However, there were no corresponding provisions on the scale of emergency shelters in the master plan of the Jianchuan county seat. Third, the allocation of emergency shelter facilities was not reasonable. Due to the tightness of land use, the existing emergency shelters are mainly configured by using existing parks, plazas, schools, and public green spaces, rather than according to the distribution of the population and the distribution of disasters. From the perspective of the distribution of disasters, the risk of landslides in the northern regions is greater due to the proximity to the mountains. In the ancient city area of the central region, the risk of fire is high because the building materials are mostly wood structures. The disaster risk in the southern region is relatively low. Moreover, the emergency shelters that have been set up are mainly concentrated in the northern and southern parts of the town, but not in the central areas. Meanwhile, the population of the Jianchuan county seat is mainly concentrated in the central and northern regions. Therefore, it is difficult to ensure the rationality of the location of emergency shelters. Furthermore, due to the particularity of urban land use, the rationality regarding the location of emergency shelters was not guaranteed.
The data required for this paper mainly consist of the topographic map, the current situation of land use, the current road map, the distribution data of existing emergency shelters, and the population data of neighborhood communities in the Jianchuan county seat. Among them, the resident population data is used as demand points. The process of generating demand points There were six existing emergency shelters in the Jianchuan county seat as of 2017 (see Figure 1 ). Although the overall layout of the emergency shelter facilities in the county seat was consistent with its urban layout, challenges still exist. First, the layout of emergency shelters lacked rationality. Due to the insufficiency of urban land, most of the existing urban emergency shelters are indeed the existing parks, squares, schools, public green spaces, and so on. Consequently, it is difficult to ensure the reasonable locations of the emergency shelters. The emergency shelters in the county seat have been mainly located in the north and south of the county seat, and there is no emergency shelter in the center. Second, the scale of emergency facilities was unclear, and the system was mixed. A clear urban emergency shelter system is essential during evacuation conditions and post-disaster relief operations. However, there were no corresponding provisions on the scale of emergency shelters in the master plan of the Jianchuan county seat. Third, the allocation of emergency shelter facilities was not reasonable. Due to the tightness of land use, the existing emergency shelters are mainly configured by using existing parks, plazas, schools, and public green spaces, rather than according to the distribution of the population and the distribution of disasters. From the perspective of the distribution of disasters, the risk of landslides in the northern regions is greater due to the proximity to the mountains. In the ancient city area of the central region, the risk of fire is high because the building materials are mostly wood structures. The disaster risk in the southern region is relatively low. Moreover, the emergency shelters that have been set up are mainly concentrated in the northern and southern parts of the town, but not in the central areas. Meanwhile, the population of the Jianchuan county seat is mainly concentrated in the central and northern regions. Therefore, it is difficult to ensure the rationality of the location of emergency shelters. Furthermore, due to the particularity of urban land use, the rationality regarding the location of emergency shelters was not guaranteed.
The data required for this paper mainly consist of the topographic map, the current situation of land use, the current road map, the distribution data of existing emergency shelters, and the population data of neighborhood communities in the Jianchuan county seat. Among them, the resident population data is used as demand points. The process of generating demand points involves: (1) generating a regular grid for the study area using ArcGIS software; (2) obtaining the center point of each residential area by extracting the center point of the grid; and (3) removing the demand points which are outside the construction land and on the road, and which are adjusted accordingly with the topographic map to maintain the integrity of the living area. In this manuscript, we have a total of 443 demand points. The facility points mainly come from two aspects: on the one hand, it mainly includes existing facilities. On the other hand, it mainly uses existing urban parks, plazas, school playgrounds, open spaces and other places to select a certain scale (with an area of over 0.01 km 2 ), and its entrance and exit are connected with the main road of the city as a facility. In our paper, 18 facility points (including six existing ones) were obtained by screening.
Methods
In this section, we put forward multi-level location models for different grades of emergency shelters in order to minimize the travel and construction costs and to maximize the coverage rate. Then, the actual service of emergency shelters was determined using GIS software and the Weighted Voronoi Diagram (WVD), a mathematical model that considers the limitation of site capacity. Finally, the space layout was adjusted through the combination of the actual urban land and the construction position. The corresponding models are detailed in this paper. The process of multi-level location-allocation modeling approach is illustrated in Figure 2 . The whole modeling process was divided into two parts: (1) based on the primary location models and assumptions, building multi-level location models for emergency shelters to determine the location and number of emergency shelters, (2) by dividing the service scope of the emergency evacuation site and the capacity of the analysis site itself, it was judged whether the population gap of the emergency shelter is greater than 20% [4] . If yes, new emergency shelters need to be added; otherwise, the whole process ends. In addition, it is necessary to combine the status quo of urban land use and the construction conditions of alternative facilities to comprehensively judge and finally determine the location and quantity of emergency shelters.
Some basic assumptions for the models are:
(a) The locations of candidate emergency facilities and demand points are known and discrete; (b) The distance between the candidate emergency facilities and demand points is known; (c) If the demand point is covered by the service area of the facility, it will only be served by one facility. (d) If a facility can cover 80% of the demand points around it and accommodate 80% of the population within its service scope, it is considered to be a reasonable facility [4] . involves: (1) generating a regular grid for the study area using ArcGIS software; (2) obtaining the center point of each residential area by extracting the center point of the grid; and (3) removing the demand points which are outside the construction land and on the road, and which are adjusted accordingly with the topographic map to maintain the integrity of the living area. In this manuscript, we have a total of 443 demand points. The facility points mainly come from two aspects: on the one hand, it mainly includes existing facilities. On the other hand, it mainly uses existing urban parks, plazas, school playgrounds, open spaces and other places to select a certain scale (with an area of over 0.01 km 2 ), and its entrance and exit are connected with the main road of the city as a facility. In our paper, 18 facility points (including six existing ones) were obtained by screening.
In this section, we put forward multi-level location models for different grades of emergency shelters in order to minimize the travel and construction costs and to maximize the coverage rate. Then, the actual service of emergency shelters was determined using GIS software and the Weighted Voronoi Diagram (WVD), a mathematical model that considers the limitation of site capacity. Finally, the space layout was adjusted through the combination of the actual urban land and the construction position. The corresponding models are detailed in this paper. The process of multi-level locationallocation modeling approach is illustrated in Figure 2 . The whole modeling process was divided into two parts: (1) based on the primary location models and assumptions, building multi-level location models for emergency shelters to determine the location and number of emergency shelters, (2) by dividing the service scope of the emergency evacuation site and the capacity of the analysis site itself, it was judged whether the population gap of the emergency shelter is greater than 20% [4] . If yes, new emergency shelters need to be added; otherwise, the whole process ends. In addition, it is necessary to combine the status quo of urban land use and the construction conditions of alternative facilities to comprehensively judge and finally determine the location and quantity of emergency shelters.
(a) The locations of candidate emergency facilities and demand points are known and discrete; (b) The distance between the candidate emergency facilities and demand points is known; (c) If the demand point is covered by the service area of the facility, it will only be served by one facility. (d) If a facility can cover 80% of the demand points around it and accommodate 80% of the population within its service scope, it is considered to be a reasonable facility [4] . 
The Multi-Level Location Models for Emergency Shelters
The location of emergency shelters often considers the efficiency and fairness of the arrival of people, as well as the safety of the site. The emergency shelter is an important place to protect personal safety when a disaster occurs. The size of its service is the best embodiment of whether its spatial layout is fair or not. Therefore, the location and number of emergency shelters should be set so that all demand points are within the effective service range of the emergency shelter. That is, each demand point in the evacuation area can use the services provided by the emergency shelter in the specified travel distance. The "multi-level" refers to different levels of emergency shelters. In this paper, we classify emergency shelters into interim emergency shelters, fixed emergency shelters, and central emergency shelters. The multi-level location models mentioned in this paper refer to the location model system for different types of emergency shelters.
From the perspective of government finance, it also requires considering the economy of the layout of emergency shelters to ensure that the largest number of residents can be served with the lowest number of facilities and the lowest building costs. Considering that the scale of small cities is lower than large and medium cities, and the land limitation of small cities, in this paper, the lower limit standard for the service radius of emergency shelters is taken into account. Based on the reference standards in China, the authors attempted to set the maximum service radius of the fixed emergency shelters to 2 km, and the maximum service radius of central emergency shelters to 8 km. The specific location models are described as follows.
Interim Emergency Shelters
An interim emergency shelter is one of the most basic levels in the emergency evacuation system, and it is the first place for residents to take refuge when a disaster occurs. It contains great choices for interim emergency shelters, which is typically difficult to be solved through quantitative methods of location selection problems. However, it would be feasible by utilizing a variety of areas of space. Therefore, this paper mainly focuses on the analysis of fixed emergency shelters and central emergency shelters.
Location Model of Fixed Emergency Shelters
The location selection of a fixed emergency shelter should be based on the full coverage of the requirement points in the coverage area and minimize the total cost. The construction process of this model includes the minimum number of facilities required to cover all the requirement points in the studied area by minimizing the facility point model; on the basis of the minimum number of facilities identified, the total cost of the facility configuration is minimized by impedance settings. Specific mathematical models are expressed as follows [8, 10] .
Minimizing the facility point model (MPM)
where D is the set of demand points. L is the set of candidate facility points. n is the number of demand points. m is the number of candidate facility points. V i is the set of candidate service facilities for demand point i. r is the maximum service radius of the fixed emergency shelters and is set it to 2 km in this study. d ij is the parameter of the distance from point i to point j.
Equation (1) is used to minimize the number of facilities. Equation (2) ensures that each demand point i is covered by only one facility point. In this study, each facility point can be used as an emergency shelter. Equation (3) is an integer constraint of x j . Equation (4) is the set of candidate service facilities for demand point i, and the basic condition for its satisfaction is that the parameter of the distance from point i to point j is less than the effective emergency distance. Equation (5) refers to the range and condition of x j . Finally, Equation (6) is an integer constraint of L j .
Minimized impedance model (MIM)
where C j is the travel cost to reach each emergency point. In this paper, we use the travel time (unit: min). The minimized impedance model is obtained by the minimization of the facility point model. By increasing the cost of travel, the site selection of the facilities is considered efficient, while taking into account the fairness. Besides, Equation (7) demonstrates that the total travel distance of the demand points, which are covered by the emergency point, to the emergency point j is minimized.
Location Model of Central Emergency Shelters
The location of a central emergency shelter should maximize the coverage of the facility points when the site is selected to meet the established travel distance criteria. Based on the principles of economics, the location of such central emergency shelters should be combined with the location of a fixed emergency shelter [11] . The maximum coverage model (MCM) is an important variant of the MPM, the basic assumptions are the same as those for the location of fixed emergency shelters. The specific mathematical models are expressed as follows.
Maximum coverage model (MCM)
x j = 1, i f the f acility point L j is identi f ied f or emergency point 0, otherwise
where D is the set of demand points, n is the number of demand points, L is the set of candidate facility points, and m is the number of candidate facility points. V i is the set of candidate service facilities for demand point i. p is the number of service facilities planned to be established. r is the maximum service radius of the central emergency shelters, which is set to 8 km in this paper. a i is the demand of demand points and, in this paper, we use the coverage population to represent it. d ij is the parameter of the distance from point i to point j.
Equation (8) is to maximize the population of the covered demand points under limited resources. In this paper, the alternative facility points for the central emergency shelter are mainly based on the location results of the fixed emergency shelter. Equation (9) indicates that when demand point i is assigned to cover, one of the candidate facility points within its effective emergency distance must be selected as an emergency shelter. Equation (11) is the set of candidate service facilities for demand point i, and the basic condition for its satisfaction is the parameter of the distance from point i to point j is less than the effective emergency distance. Equation (12) expresses that the number of designated facilities is equal to p. Moreover, Equation (13) is the integral constraint condition of x j and y i . Equations (10), (14)- (16) refer to the range and condition of x j and y i .
The Weighted Voronoi Diagram (WVD) Model for Dividing the Service Scope of Emergency Shelters
The layout of an urban emergency shelter includes both the emergency shelter's sites selection and their service scopes, on the basis of facility location and the actual service scope of emergency shelters. The scope of the service of emergency shelters in our manuscript refers to the range of demand points that can reach the facilities within the specified time. By coupling the distribution of the population in a city, the actual service population of each emergency shelter can be achieved, so as to solve the problem of prior site selection, which fails to consider the actual capacity of the problem.
The Model for Service Scope of an Urban Emergency Shelter
The service scope of urban emergency shelters is restricted and affected by nature, society, and its own foundation, representing different service scopes. Refering to the existing studies at home and abroad in relation to the characteristics of a small mountain city, in this paper, seven factors were chosen, namely, field conditions, terrain slope, type of site, traffic connectivity, the actual effective area, impact degree of a disaster, and infrastructure conditions. The score of each factor was set to 1 (extreme) to 5 (excellent). By appropriately grading these factors, we achieved the score of each influence factor on the service scope of an emergency shelter. Thus, in this study, the service scope of emergency shelters was established in addition to the impact factors to be used in evaluation system, based on Analytic Hierarchy Process (AHP), by which the weight of the seven mentioned factors can be calculated (see Table 1 ).
According to the nature of the problem and the overall goal to be achieved, AHP breaks down the problem into different components and combines the factors according to the interrelated influences and affiliation of the factors to form a multi-level analytical structure model. Therefore, the problem is ultimately attributed to the determination of the relative importance of the lowest level (solutions, measures, etc., for decision making) relative to the highest level (total target) or the ranking of relative merits. The calculation process of AHP is expressed as follows: By running the yaahp software, we can obtain all the parameters. The value of lambda Max is 7.7376 and the consistency ratio is 0.0904 < 0.1, indicating that the obtained weight value is valid. 
Influence Factors Explanation Weight Values
The field conditions
Whether the terrain in the study area is flat, whether the foundation is strong, and whether there is a geological disaster-prone area 0.0337
The terrain slope (Unit: degree) Slope of location in different places 0.0337
The site types Available area and facility availability for different site types 0.0750
The traffic convenience (Unit: m)
Whether the width of the road around the site can meet the needs of evacuation and rescue transportation 0.0422
The actual effective area (Unit: m 2 )
The actual area of the refuge area in the site after removing the water area, roads, trees, houses, mountains, etc.
0.5587
The possibility of disaster impact Mainly refers to the flammability of buildings in the site and the distance from the surrounding buildings 0.1514
The conditions of infrastructure Including basic requirements for domestic water, fire, temporary power supply and communication in the premises 0.1053
Note: In the process of weight calculation, each indicator is divided into five levels: excellent (5 points), good (4 points), general (3 points), poor (2 points) and very poor (1 point).
Affected by natural, social, and transportation conditions, different emergency shelters have different service scopes. The service scope of an emergency shelter is mainly based on its coverage radius, which is the coverage of the outside of the emergency site. Based on the weight value calculations, the weighted coverage radius and the weighted distance can be obtained according to the actual position of each emergency shelter. The calculation process is expressed as follows:
where R i is the weighted coverage distance of an emergency shelter. R 0 is the coverage radius of emergency shelters in various grades (i.e., 2 km for a fixed emergency shelter; 8 km for a central emergency shelter). R 1 is the radius of the emergency shelter itself, A j is the score of each influence factor, and w j is the weighted value of each influence factor.
The Weighted Voronoi Diagram (WVD) Model for Emergency Shelter Services
The traditional methods of emergency shelter services mainly rely on subjective interpretation, dividing basically the facilities according to the street network and communities, excluding a scientific basis for the division of responsibilities. In this paper, in order to define the service scope of urban emergency shelter, we determine the coverage radius of the emergency shelters, which are used to calculate the weighted distance; next, the service scope of each emergency shelter was determined by WVD. As a special form of the location analysis model, WVD built a space adjacent model that does not depend on the coordinate geometry; its principle is spatial interaction theory, and it can be clearly expressed as a lateral adjacent relation in GIS, a better simulation of the adjacent choice in reality. In the service scope of emergency shelters, through the selection of impact factors and the determination of the weighted values, a weighted Voronoi diagram can be used to make space segmentation, thus the service scope of an emergency shelter can be divided [26] . The specific construction model is presented as:
where P in Equation (19) is the set of the discrete growth points on the Euclidean plane. d(p, p i ) and d(p, p j ) are the Euclidean distances between these two growth points, respectively. w i is weight value of the growth point p i . Equation (20) is re-written as Equation (18), defining the weighted distance of each growth point as Euclidean distance, which is divided by the weight value. In this study, the large number of polygons produced by the important growth points has a large scope of influence. The revised model can better reflect the weights of different growth points in the spatial scope, and hence appropriate for the determination of urban emergency shelters.
By running the Voronoi Map creation function in GIS, the service scope of each emergency shelter during the site selection stage can be obtained. Combining the actual land use situation with the population density, we can calculate the coverage rate of each emergency shelter and verify whether the location of the site is reasonable or not. The specific construction model is presented as:
where C is the coverage rate of each emergency shelter. P(a) is the number of people that can be accommodated by each emergency shelter. S 1 is the effective area of each emergency shelter. Equation (22) shows the calculation process of the number of people that can be accommodated by each emergency shelter. In our manuscript, we have adopted the national unified standard (2 m 2 per person of shelter area). P(c) is the number of people that is within the scope of the service of each emergency shelter. S 2 is the service scope of each emergency shelter. De is the population density of study area.
Results and Discussion

Location-Allocation Results of Fixed Emergency Shelters
In the case study, by running a minimized facility point model with ArcGIS software, we can obtain the minimum number of facilities needed to cover demand points in the study area. The model calculation takes the actual length of the county road in the Jianchuan County Seat as the travel cost, and the impedance transformation defaults to linear. The results indicate that the number of fixed emergency shelters required to achieve coverage for all demand points is 18.
In terms of fairness, all emergency shelters should cover 100% of the demand points in the study area so that everyone at each demand point can reach the nearest emergency shelter within the specified travel time. But in reality, the spatial distribution of the population is uneven. The main urban area has a relatively dense population distribution, while the suburban area has a relatively scattered population distribution and a low population density. Therefore, the large number of emergency shelters placed in these areas tends to result in low usage rates. In terms of economy, it is very unreasonable to set up emergency shelters in these areas.
On the basis of minimizing the facility point model, running the minimum impedance model can simultaneously consider the fairness and economy of the emergency shelter, and finally determine the number of fixed emergency shelters. The model calculation takes the actual road length of the Jianchuan county seat as the travel cost, and the number and coverage of the emergency shelters in the model calculation process are shown in Table 2 . Considering the efficiency principles of emergency shelters, the minimized impedance model is run on the basis of minimizing the facility point model, which minimizes the travel cost as well. The number and coverage of the fixed emergency shelter facilities in the Jianchuan county seat are shown in Table 2 . To comprehensively assess the factors affecting emergency shelter configuration, both fairness and efficiency principle, ultimately eight facilities were selected (its coverage rate reached 80%). The fixed emergency shelter is the main place for long-term refuge and centralized rescue in cities. In the optimization process of site selection, the following principles are mainly considered: (1) the geographical conditions, demonstrating that the fixed emergency shelters should be located in flat terrains with better geological conditions, as well as avoiding the influence area of the earthquake fault zone; (2) traffic conditions, meaning that the layout of the fixed emergency shelters should be located in an area with convenient transportation, and guarantees at least two roads connecting the main roads with the width of at least 7 m; (3) infrastructure conditions, showing that the fixed emergency shelters should be set in areas with better basic conditions; (4) the distribution of the existing emergency shelters, meaning that the location selection of emergency shelters should consider the distribution of the existing emergency shelters and avoid the over concentration of facilities; and (5) the population distribution, demonstrating that the distribution of fixed emergency shelters should be adjusted according to the distribution of the population.
Based on the analysis of the location selection of the fixed emergency shelters, the Jianchuan county seat is located in the relatively gentle section of the dam area and the variation in slope is small.
There is no seismic fault zone inside, nor any large water areas. Through the analysis of the town's major hazard source buffer, there is no emergency shelter located in the radiation range of the city's major hazard source at a distance of 1 km. In the eight exiting fixed emergency shelters, Jingfeng Park is unsuitable as a fixed emergency shelter due to the limitation of its actual effective area. Therefore, its location should be adjusted. Since Jingfeng Park, Jinhua middle school, and Jianchuan high school are nearby, and the scope of the demand points which they cover is close, thus, the authors attempted to merge Jianchuan middle school and Jinhua high school as a new fixed emergency shelter. As a result, there are seven fixed emergency shelters, and the results of the model are displayed in Figure 3 , with a coverage rate of 81.72%, satisfying the requirements. 
Location-Allocation Results of Central Emergency Shelters
The location of the central emergency shelter is based on the siting model of the established central emergency shelter. On the basis of the facility points of the fixed emergency shelters, the maximum number of demand points can be covered by maximizing the coverage model and corresponding constraint conditions. The number and coverage rate of central emergency shelters are listed in Table 3 . In order to comprehensively take into account factors affecting emergency shelter configuration (i.e., fairness and efficiency principle), three central emergency shelters were eventually selected. The central emergency shelter is the largest and the perfect emergency shelter in an urban emergency system. Regarding its location selection and optimization process, the main principle is similar to fixed emergency shelters. In addition, it is noteworthy that the location of a central 
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Results and Analysis of Service Scopes Division
The layout of an urban emergency shelter includes both the site selection of emergency shelters and their service scopes, on the basis of facility location and the actual service scope of emergency shelters. By coupling the distribution of population in a city, the actual service population of each emergency shelter can be achieved, so as to solve the problem of prior site selection, which cannot consider the actual capacity of the problem. According to the Equations (19)- (21) , and the actual position of the emergency shelters of the Jianchuan county seat, the basic parameters and the weighted distance of each emergency shelter can be calculated (see Table 4 ). Based on the established model and the results presented in Table 4 , the function of Voronoi Map, based on ArcGIS output, was used to create the service scope of the emergency shelters in the Jianchuan county seat (see Figure  5 ). 
The layout of an urban emergency shelter includes both the site selection of emergency shelters and their service scopes, on the basis of facility location and the actual service scope of emergency shelters. By coupling the distribution of population in a city, the actual service population of each emergency shelter can be achieved, so as to solve the problem of prior site selection, which cannot consider the actual capacity of the problem. According to the Equations (19)- (21) , and the actual position of the emergency shelters of the Jianchuan county seat, the basic parameters and the weighted distance of each emergency shelter can be calculated (see Table 4 ). Based on the established model and the results presented in Table 4 , the function of Voronoi Map, based on ArcGIS output, was used to create the service scope of the emergency shelters in the Jianchuan county seat (see Figure 5 ). Note: (1) The score value of each parameter is in brackets, the score ranges from 1 to 5 points.; (2) The condition of site is mainly concerned with the possibility of earthquakes, landslides, debris flow and other disasters. There are three levels of advantageous location, unfavorable location, and dangerous lot; (3) The possibility of disaster impact mainly considers the flammability of the building, the distance from the surrounding buildings, whether it is in the fire prone area, and whether it is far from the danger source. There are three grades: good, medium, and qualified. The number of people involved in the service scope of the emergency shelter can be obtained by superimposing the service scope of the emergency shelter with the map of population density. Then, The number of people involved in the service scope of the emergency shelter can be obtained by superimposing the service scope of the emergency shelter with the map of population density. Then, the coverage rate of the emergency shelters can be achieved on the basis of the number of people served and the capacity limitation. The capacity limitation of emergency shelters refers to the actual number of people in each emergency shelter. Through the effective tolerance area and the standard value of the per capita refuge area of each site, we can find that the per capita refuge area of this paper is 2 m 2 each person.
According to the results mentioned in Table 5 , seven fixed emergency shelters, namely, Mingzu middle school, A-Peng Plaza, Jinhua No. 2 primary school, and Jianchuan high school and Jinhua middle school, can fully meet the demand of the service within the scope of the surrounding population. Among them, the coverage rate of South farmer's market has reached 80%, basically satisfying the demands of the vast majority of the surrounding population. Considering that the south of this area is mainly housing estate, it still requires expanding its space in order to increase the coverage rate. The coverage rate of Jianyang Building Plaza and the hall square is only 75.18 and 29.84%, respectively, which is not up to 80%. Thus, it is difficult to meet the requirements of the majority of people and it is essential to adjust and optimize these two sites. According to Table 5 , it can be seen that, firstly, the coverage rate of the Hall Plaza is 53.86%, with satisfactory infrastructure, yet it is difficult to provide its service scope through the perfect facilities configuration. In addition, the area of new emergency shelter may increase to solve the service scope issue. There are three alternative sites in this area as shown in Table 6 . The overall infrastructure of Land Block 1 and 2 is poor, the transformation is difficult, and it is not connected with the main road of the city, and the traffic connectivity is poor as well. Therefore, these two places are not suitable to be regarded as alternative sites. As an emergency rescue, Land Block 3 has a perfect infrastructure. Its internal parking lot is mainly used for parking fire fighting vehicles. Through transformation, Land Block 3 can be used as emergency shelters since its transportation is accordingly convenient, thus, it can be used as a new emergency shelter to alleviate the bearing pressure of the Hall Plaza. Secondly, the coverage rate of Jianyang Building Plaza is only 75.18%, which is relatively low, while the gap in service population is considerable. Therefore, upgrading the facilities' configuration can hardly meet the needs of a service area. Furthermore, Jianyang Building Plaza, located in the ancient district of Jianchuan county seat, is constrained by the road width, land scale, and the need of ancient city protection. A feasible method is to build a new emergency shelter in the studied region. There is only one alternative site in this area (see Table 6 ). Although the basic condition of Land Block 4 is poor, traffic connectivity is better, based on square renovation, it can be built into an emergency shelter for alleviating the needs of the people in the southwest part of that ancient town.
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Conclusions
The emergency shelter is an important place to deal with emergency incidents. Moreover, it is a safe place for citizens. Facing the interacted pressures of both urban land restrictions and insufficient local finance, layout planning for an emergency shelter system is more prominent. Traditional location models cannot simultaneously meet all the problems encountered in the process of emergency facility location. Thus, in this paper, in view of multi-level of the different types of emergency shelters, different models are taken into account through building multi-level location models of emergency shelters, aiming to minimize the travel and construction costs and maximize the coverage range. For the fixed emergency shelters, we used the MPM model and the MIM model to fulfil the requirements of full coverage of the demand points in the coverage area and minimize the total cost. For the central emergency shelters, we used the MCM model to fulfil the requirements of maximizing the coverage of the facility points when the site is selected to meet the established travel distance criteria.
Regarding the capacity limitations of the location model, in this paper, we put forward a better approach for optimal layout to divide the reasonable service scope of emergency facilities and to adjust and determine the number of facilities. In order to define the scope of urban emergency shelter services, we determined the actual service of emergency shelters based on GIS software and WVD models under the limitation of site capacity and population density, and then adjusted the space layout by combining with the actual urban land and construction position. This method can be utilized to deal with the problem of the actual capacity insufficiency and an imbalanced distribution of service scope in the process of site selection of emergency shelters.
The proposed research methods and models are applied in the Jianchuan county seat, a traditional small mountain city in China, and provide theoretical guidance and model reference for location selection at emergency shelters in other small mountain cities. In practice, however, the layout of emergency shelters is also affected by several other factors. It is difficult to simulate the scope of actual service only by selecting seven factors. In addition, the distribution of population density is also affected by many factors, e.g., commuting in day-and-night and equity cost of urban resource [27] , and it is difficult to simulate the actual population distribution by dividing the population density based on the street scale as well. Moreover, based on the research performed on the layout of emergency shelters, some scenarios assume that people will be sheltered the first time after the occurrence of disasters to avoid disaster, but in the actual cases, the demand is changed over time, necessitating further studies in the future.
In the paper, we mainly discuss the location and optimization methods of emergency shelters. Planning emergency shelters is an effective approach to reducing the damage caused by disasters and ensuring the safety of residents. It is an important stage of disaster management [6] , and the scientific nature rationality of emergency shelter's location directly affects the success or failure of rescue work. Admittedly, besides evacuation, mitigation against natural disasters by retrofitting and purchasing insurance policies is also an important strategy [28] [29] [30] , and the coordination of different stakeholders in disaster management investments is critical for the social welfare [31] . In these aspects, we will conduct an in-depth analysis in future research, and propose corresponding countermeasures for the better implementation and construction of emergency shelter planning.
